PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
A61F 2/06, A61M 25/00 



A2 



(11) International Publication Number: WO 99/42059 

(43) International Publication Date: 26 August 1999 (26.0S.99) 



(21) International Application Number: PCT/US99/03544 

(22) International Filing Date: 19 February 1999 (19.02.99) 



(30) Priority Data; 
09/026,106 



19 February 1998 (19.02.98) US 



(71) Applicant: PERCUSURGE, INC. [US/US]; 777 North Pastoria 

Avenue, Sunnyvale, CA 94086 (US). 

(72) Inventors: ZADNO-AZ3ZI, Gholam-Reza; 8213 Del Monte 

Avenue, Newark, CA 94560 (US). BAGAOJSAN, Celso, J.; 
4441 Pomponl Street, Union City, CA 94587 (US). PATEL, 
Mukund, R.; 427 Ridgefarm Drive, San Jose, CA 95123 
(US). MUNI. Ketan, P.; 97 Frontier Trail Drive, San Jose, 
CA 95136 (US). 

(74) Agent: NATAUFSKY, Steven, J.; Knobbe, Martens, Olson & 
Bear, LLP, 1 6th floor, 620 Newport Center Drive, Newport 
Beach, CA 92660 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB. BG, BR. 
BY. CA, CH, CN, CU, CZ, DE, DK, EE, ES. FI. GB. GD, 
GE, GH, GM, HR, HU. ID, IL> IN, IS, JP, KE, KG, KP, 
KR, KZ, LC. LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN f MW, MX, NO. NZ, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ. TM, TR, TT, UA, UG, UZ, VN f YU, ZW, 
ARIPO patent (GH, GM, KE. LS, MW, SD. SZ, UG. ZW). 
Eurasian patent (AM, AZ. BY. KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPl patent (BF f 
BJ, CF f CG, CI, CM. GA, GN, GW, ML, MR, NE, SN, 
TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: OCCLUSION OF A VESSEL 




(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate members. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-lilce structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate members. Alternatively, the expansion member may be expanded by heating II 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


AM 


Armenia 


FI 


AT 


Auttria 


FR 


AU 


Australia 


GA 


AZ 


Azerbaijan 


CB 


BA 


Bosnia and Heneg<.vina 


GE 


BB 


Barbados 


GH 


BE 


Belgium 


CN 


BF 


Burkina Paso 


GR 


BG 


Bulgaria 


HU 


1U 


Benin 


IE 


BR 


Brazil 


IL 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


Centra) African Republic 


JF 


CG 


Congo 


KK 


CH 


Switzerland 


KG 


a 


Cote d'lvoire 


KP 


CM 


Cameroon 




CN 


China 


KR 


cu 


Cuba 


KZ 


cz 


Czech Republic 


LC 


DE 


Germany 


LI 


DK 


Denmark: 


LK 


EE 


Estonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 



Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Mouaco 

Republic of MokJova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Pederntioa 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Utbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



WO 99/42059 

-1. PCT/US99/03544 

OCCLUSION OF A VESSEL 
Backoround of the inwnti-n 

FteW of th» Invention 

The present invention rotate, generally ,, the occbsi.n of . vessel whhin . patient, and more specifically, 
to in apparatus and method of partially or comptately occluding ■ vessel. 
Description of thn HphfrH flrt 

Attempts heretofore have been made to treat occlusions in the carotid arteries leading to the brain. 
However, sach arteries have been very difficult to treat because of the possibility of dislodging plaque which can 
enter various arterial vessel, of the brain and cause permanent brain damage. Attempts to treat such occlusions 
with balloon angioplasty have been very limited because of such dangers. In surgical treatments, such as 
enderterectomy. the carotid artery is slit and plaque is removed from the vessel in the slit area. Such surgical 
procedures have substantial risk associated with them which can bad to morbidity and mortality. 

In other procedures, such as in angioplasty and in the treatment of peripheral arteries end veins, there is 
the possibility that the guide wires end catheters used in such procedures during deployment of the seme may cause 
disfodgement of debris or emboli which can flow downstream end cause serious damage, such as stroke, if they 
occlude blood flow in smaller vessels. Thus, in summary, embolization and migration of rrfcro-emboli downstream 
to an end oigan is a major concern of cardiologists during catheterizations. 

Thore is therefore need for new and improved apparatus and methods which make it possible to treat 
occluded vessels without endangering the patient. 

Summary of the Inwitinn 

The present invention satisfies the need for a device that occludes a vessel, in particular, a vessel in a 
patient undergoing therapeutic or other medical treatment. Any one of a number of different expansion members 
an joined to one or more elongate members such es hypotubes to form e device that completely or partially occludes 
a vassal within a patient. Tha expansion member may be self-expending, it may be expanded by engaging it with 
one of the elongate members, or it may be heated to cause it to expand. A membrane preferebty surrounds the 
expansion number so that a seel is made between the membrane and the vessel. The perfusion of bbod is allowed 
if the membrane is perforated. Partial occlusion may be obtained without a membrane if a suitable expansion 
member b chosen. In general, in one aspect of the present invention, there b provided en apparatus and method 
that can ba used with approved diagnostic end therapeutb devices to reduce the chance of emboli migrating 
downstream. Alternatively, the expansion member may anchor an intravascular device whhin a vessel. 

One embodiment of the present invention is a device for occluding a vascubr segment, n which the device 
mcbdes an expansion member and first and second elongate members. The first elongate member engages the 
expansion member, and the second elongate member surrounds tha first elongate member, with the expansion member 
expanding to occlude the vascular segment when one of the elongate members is moved longitudinally. The 
expansion member preferably incbdes a braid, a coil, a ribbon-ike structure, a stoned tube, a plurality of ribs or a 
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fM» mesh. The device may els. include material that adjoins the expansion member tor create* a partial or 
total seal with the vascular segment. 

In one particular embodiment the expansion member is in an unexpanded stete when it is surrounded by 
the second elongate member, but expands when the first elongate member is pushed through the second elongate 
member. In another embodiment, both the first and second elongate members are secured to the expansion member, 
and the expansion member expands as the first elongate member is retracted. 

Another embodiment of the invention is a method of occluding a segment within a vessel which includes 
the step of inserting first end second elongate members into the vessel to be occluded (in which the first elongate 
member adjoins an expansion member), followed by the step of varying the position of at least one of the elongate 
members so that the expansion member expands until the vessel is completely or partially occluded. In one 
embedment, the varying step includes retracting one of the elongate members, end in enother embodiment the 
verying s tep comprises pushing one of the elongate members through the other elongate member. In yet enother 
method of occluding a segment within a vessel an expansion member is inserted within the vessel and the expansion 
member is heated to cause it to expand until the vessel is et least partially occluded. Heating the expansion member 
may involve, for example, passing electrical current Ihrough it or passing warm solution over or near it. 

Brief Description at jfrg Dtgwjnjs 

FIG. 1 is a sidwlevational view in section of one embodiment of e catheter apparatus incorporating the 
present invention for treating occluded vessels. 

FIG. 2 is a side-elevational view in section similar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, a self-expandable seal) deployed. 

FIG. 3 is a side-elevational view in section of another embodiment of a catheter apparatus incorporate* 
the present invention for treating occluded vessels. 

FIG. 4 is a view similar to FIG. 3 but showing the expansion member (in this case, a sen-expandable seal) 

deployed. 

FIG. 5 is a schematic, longitudinal crass sectional view of an embodiment in which a membrane only 
partially surrounds a braid used as the expansion member. 

RGS. 6A and 6B show end views of imperforated and perforated membranes, respectively. 

FIG. 7 is a schematic, longitudinal cross sectional view of an embodiment in which a braid without a 
membrane is used. 

FIG. B is a schematic, longitudinal cross sectional view of an embodiment in which a filter-like mesh is used 
as the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment in which a slotted tube is used 
es the expansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodiment of FIG. 9. 
FIG. 1 1 is a schematic, longitudinal cross sectional view of an embodiment in which a cofl is used as the 
expansion member, and the proximal end of a membrane surrounding the col adjoins the coil 
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FIB. 12 is a schematic, kmgitudinal cross sectional view of an embodiment in which a coJ is used as the 
expansion member, end the proximal end of a membrane surrounding the coil adjoins a sheath that surrounds both 
first am) second elongate members. 

FIG. 12A is en embodiment similar to that shown in FIG. 12. in which resistive heeting is used to expand 
the expansion member, with current being conducted through wires faring attached to either side of the expansion 
member The expansion member as shown is partialy deployed. 

FIG. 12B is an embodiment similar to that shown in FIG. 12A. in which resistive heating is used to expand 
the expansion member, with current being conducted through a wire being attached to the distal end of the expansion 
member end through e coating on the first elongate member. The expansion member es shown is partially deployed. 

FIG. 13 is e schematic, side cross sectional view of an embodiment in which a plurality of ribbons are used 
as the expansion member. 

FIG. 13A is an embodiment similar to thet shown in FIG. 13. in which a warm solution passes between 
the first and second clongete members to transfer heat to the expansion member, causing it to expend. The 
expansion member as shown is partially deployed. 

FIG. 13B is en embodsnent similar to that shown in FIG. I3A. in which a warm solution passes through 
the first elongate member to transfer heet to the expansion member, causing it to expand. The expansion member 
as shown is partially deployed. 

FIG. 13C is an embodiment stribr to that shown in FIGS. 13A and 138. in which a warm solution passes 
through one or more lumens in the first elongate member to transfer heat to the expansion member, causing it to 
expand. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment in which a plurality of ribs are used 
as the expansion member. 

FIG. 15 is en isometric view of en embodiment of the invention in which a pull wire is used to deploy a 
plurality of non-self-expanding ribbons surrounded by a membrane. 

FIG. IS is a side partial sectional view of the embodiment of FIG. IS in which the ribbons are in their 
relaxed, undeployed position. 

FIG. 17 is a side etevational view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membrenn makes a seal with the vessel. 

FIGS. 18A and 18B show longitudinal and end perspective views, respectively, of a locking mechanism used 
with e wire that deploys an expansion member. 

FIG. 19 is a perspective view of an alternative locking mechanism used with a wire that deploys an 
expansion member. 

FIGS. 20A, 20B, 20C, end 200 show, respectively, a braid, a filter like mesh, a slotted tube, and e plurality 
of coils, which can be used as alternative expansion members in place of the ribbons in the embodiment of FIG. 15. 
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Detailed Oescrption nf the Prgfared Embodiments 
The expansion members discussed herein include braids, cods, rte, ribbon-lik. structure,, slotted tubes, and 
fiteHika meshes. These expanse members may be partialy covered or completely surrounded by a membrane or 
other covering to provide occlusion or sealing of the vessel As used he«n. -occlusion" or "sealing", and the like, 
maen partial or complete blockage of fluid flow in a vascular segment, as it is sometimes preferable to allow 
perfusion. Moreover, such expansion members may be deployed by various mechanical means, electrical meens or 
thermomechanical means, etc as described herein. Expansion members that are deployed mechanically are preferably 
"spring-like" in nature, i.e. they are preferably resilient to facilitate their deployment or retraction. 
Catheter Ap paratuses and Self-Exnanrfinn Bjajfls, 

One embodiment of a catheter apparatus incorporating the present invention for treating occluded vessels 
is shown in Figures 1 and 2. As shown therein, the cetheter epparatus 651 consists of a flexible elongate member 
652 wheh is provided with proximal and distal extremities 653 and 654. A conventional adapter 656 is mounted 
on the proximal extremity and is provided with a Touhy-Borst fitting 657 which is in communication with a huge 
central lumen 658 extending from the proximal extremity 653 to the distal extremity 654. An aspiration fitting 661 
is provided on the adapter 656 as well es an irrigation fitting 662. both of which ere in communication with the 
central lumen 658. However, it should be appreciated that if desired, separate lumens can be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding sealing mechanism 666 is mounted on the distal extremity 654. ThiTseH-Fxpanding seeing 
mechanism 666 can take any suitable form. For exemple. as shown it can consist of a braided structure 667 formed 
of a suitable shape memory material such es a nickel titanium alby that will attempt to expand to a predetermined 
shape mamory. Other than shape memory materials, other materials such as stainless steel. Elgitoy™, titanium or 
other materials can be utilized in the braid 667 as long as they have the capability of expending when the self- 
expanding seal mechanism is released. Also it should be appreciated that the self-expanding seal mechanism 666 
can be comprised of an absorbent material which when it absorbs saline or Mood expands to form a seal Such 
seals can be readily accomplished because it is only necessary to form a seal of approximately 1.5 psi to prevent 
small particles from moving downstream. 

In order to prevent abrasion of a vessel, it is desirable to cover the braided structure 667 with a covering 
668 of a suitable materiel such as a polymer or a biocompatible coating which extends over the braided structure 
867 and which moves with the braided structure 667 as it expands end contracts. The polymer can be of a suitable 
material such as sleone, C-flex. polyethylene or PET which would form a good sealing engagement with the wall 
of the anery. The covering 668 may be perforated to allow perfusion. 

A mechanism is provided for compressing the self-expanding sealing mechanism 666 so that the apparatus 
can be inserted into the vessel 481 and consists of an elongate sleeve 771 having proximal and distal extremities 
772 and 773 and a bore 774 extending from the proximal extremity 772 to the distal extremity 773. A collar 776 
is mounted on the proximal extremity 772 of the sleeve 771 and is positioned near the adapter 656. The collar 776 
serves as a mechanism for retracting the sleeve as shown in Figure 2 to uncover the self-expanding sealing 
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mecbanun 666 after the catheter he, been deployed to permit the self-expanding sealing 666 t0 axpand 

end form a seal with the arterial venal adjacent the stenosis to be treated. 

Another embodiment of a cetheter apperetu. f,r treating occluded vessels incorporate,,, the present 
attention is shown in Figures 3 and 4. As shown therein, the apparatus 781 consists of . guiding catheter 782 
having proximal and distal extremities 783 and 784. As shown, the distal extremity 784 is provided with a pre- 
formed bend of . conventional type. A conventional attachment 786 is mounted on the proximal extremity 783. 
Self -expand** , M | mechanism 791 is mounted on the distal extremity 784 end is of the type herembefore deserted 
in connection with the embodiments shown in Figures 1 end 2. A sleeve 796 sMIar to the sleeve 771 of the 
previous embodiment is provided in the present embodiment fo, encasing the self-expanding seal mechanism 791 and 
for releesing the same after it has been disposed in en appropriate position within a vessel edjecent the ocdusion 
to be treated. Thus, a sleeve 796 is provided having proximal and distal extremities 797 end 798 end having e bore 
799 extending from the proximal extremity to the distal extremity which is sired so that it can receive the guide 
catheter 782. It i, provided with • collet 801 on its proximal extrenaty which i, adapted to be disposed outside 
the patient and which is adapted to be grasped by the physician for pulling the sleeve 796 proximally to uncover 
the Expanding seal 791 after the apparatus has been deployed to permit the self-expension of the sealing 
mechanism 791 to form a seal with the vessel wall as shown n Figure 4. 

In accordance with the hereinbefore described descriptions, it is apparent that the apparatus can be readily 
deployed and serve the seme function as the main catheter. To accomplish this, the assembly 781 can be introduced 
into the femoral artery end the distal extremity advanced into the desired location n the arterial vessel. After it 
has been properly positioned, the physician can retract the sleeve 796 to permit the self-expanding seel mechanism 
781 to expand and to form a seal with the wall of the arterial vessel to ocdude the arterial vessel and interrupt 
the flow of blood in the vessel to provide a working spece distel of the occlusion formed. This prevents smaV 
particles which may thereafter be dislodged from moving downstream. Since e central lumen is available, the 
therapeutic procedures hereinbefore described can be employed with tha catheter epparatus shown in Figures 1 2 
3 and 4. 

Although the self-expanding sealing mechanism 666 (781) can be deployed by retracting the sleeve 771 
(798) as previously described, the sealing mechanism can also be deployed by pushing the flexible elongate member 
852 (guiding catheter 782) through the sleeve so that the sealing mechanism can expand. This may be the preferred 
way of deploying the sealing mechanism 666 (791), if there is little clearance between tha apparatus 651 (781) and 
the vessel within which the epparatus resides, to reduce the risk of damaging the petient's vessel. As discussed 
below in connection with subsequent figures, the seeing mechanism 666 (791» may alternatively comprise members 
such es e eoa. e ribbon-like structure, a slotted tube, or a filter-Gke mesh. In each case, the sealing mechanism 
expands to partially or completely occlude the vessel in question, or alternatively, to anchor an intravascular device 
to the vessel. 
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ftttmatia StHaanipn Mwnbers 

Another embodiment using a braided structure is shown schematically in FIG. 5. in which a flexible elongate 
member 20 is disposed within a second elongate member 24 such as a hypotube. A salt expanding mechanism 28 
such as a braided structure is secured to the distal end of tha elongate member 20, preferably within an Mentation 
32 of member 20. The braided structure 28 is only partially encapsulated by a preferably elastomeric membrane 
3B that makes a seal with the patient's vassal 40. (Alternatively, a coating such as a polymeric coating may be 
used in place of the membranes disclosed herein.) In this end the other embodhients, adhesive may be used to 
secure the self-expanding mechanism 28 and the membrane 36 to the elongate member 20. In the embodiment of 
FIG. 5. the braided structure 28 and membrane 36 are designed to be asymmetrical, with more material being 
concentrated at the proximal side of the structure 28. The braids of the embodiments disclosed herein may be 
stainless steel 304 or 400, superelestic or heat activated Nrtinol, en iron base shape memory aHoy. or a polymer 
bese, such as polyethylene or polypropylene. They may be constructed, for exemple, by using standard equipment 
such as a braider. 

Although the embodiment of FIG. S shows the flexible elongate member 20 connected to a guidewire tip 
44. other technologies for guiding the device through the patient's vessel 40 may be used in this end the other 
embodiments, such es a guidewire (either over the wire or single operator) or the exchange catheter method, as is 
wal known in the ert. Abo, although not explicitly shown in the embodiment of FIG. S and the other embodiments 
herein, these embodiments may include lumens, aspiration and irrigation fittings, and collars Eke those ilustrated in 
FIGS. 14. 

The membrane 36 is preferably impervious to the flow of blood (FIG. 6a) far those applications not requiring 
perfusion, although a perforated membrane 36" (FIG. 6b) having numerous holes 37 therein may be used in other 
applications to allow the passage of blood. The holes 37 are preferably greater than 10 microns in diameter end 
may be tip to 80 microns or more in diameter to permit the passage of blood cells (nominally 6-10 microns in 
diameter) through the membrane 36' while blocking larger particulates such es emboli Likewise, a perforated 
membrani! 36' may be used in the other embodiments disclosed herein. Antrthrombogenic coatings can be used (e.g., 
heparin) to prevent thrombosis formation. 

FIG. 7 shows an embodiment in which a braided structure 50 is not enclosed by a membrane. When the 
braided structure 50 comprises, for example, e diamond mesh pattern in which adjacent wires are separated by about 
10-80 microns, the braided structure permits the passage of red blood cetts. while blocking the flow of matter that 
may be undesirable, e.g. emboli or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is well suited for applications for which perfusion is required. 

Afternetive self-expanding media are shown in FIGS. 8 and 9. In FIGS. 8 and 9. a self-expanding filter-like 
mesh 60 and a self-expanding slotted tube 7Z respectively, are surrounded by a membrane 62 that is preferably 
elastomeric. The filter-like mesh 60 (or slotted tube 72) and membrane 62 are bonded or otherwise secured to a 
flexmle elongate member 64, a.g„ to an indentation therein. As with the other self -expanding media disclosed herein, 
the filter-like mesh 60 (or slotted tube 72) expands from its unexpanded state when the flexible elongate member 



WOW/4M59 .7. PCT/US99/03S44 

64 is pushed through a second elongate member 66. or ahernetively. when the second elongate member 66 is 
retracted over the first elongate member 64. The filter-ike mesh 60 (or slotted tube 72) then expands so that the 
membrane 62 forms a seal with the surrounding vessel 68. A gtridewire tip 70 aids in guiding the device through 
the vessel 6B. The fit**, mesh 60 and slotted tube 72 are of a suitable shape memory material such as Nitinol 
or (304 or 400) stainle« steel. The filter-Be. mesh 60 is fibrous in nature, being somewhat analogous to steel wool. 
The ..lotted tube 72 has a latticed appearance. The slotted tube 72 may be constructed, for example, by 
eradiating a thin-waled tube with a las* beam to form holes in the tube in the shape of polygons such es oblong 
quadrilaterals. An unexpended, slotted tube 74 is shown in FIG. 10. 

FIG. 1 1 illustrates another embodiment, in which a coil 80 serves as the self-expanding mechanism. The 
coil 80 may be integrally formed with e first elongate member 82 or be otherwise specially joined to it. e.g. by 
welding or brazing the coil to the elongate member 82. The coP 80 is surrounded by « membrane 84 that expands 
with the coil when it is pushed out of a second elongate member 86. or alternately, when the second elongate 
memo* 86 is retracted from the coil 80. Thus, the membrane forms e seal with the surrounding vessel 90. The 
membrane 84 may be attached directly to the first elongate member 82. or to a member 88 such as a disk that is 
in turn secured to the coil 80 or the first elongate member 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may be attached to the first elongate member 82 or to the member 88. if one is used. 

An embodiment similar to that shown in FIG. 11 is illustrated in FIG. 1* fa which the membrane 84 is 
secured at the proximal end to e separate sheath 94. In this case, the sheath 94 and the first elongate member 
82 are extended together over and through, respectively, the second elongate member 86. Assembly may require 
preloading the coil 80 through the distal end of the second elongate memb* 86. 

Another embodiment thet employs e self-expanding medium is shown in FIG. 13. in which e plurality of 
ribbons 100 make contact with a membrane 102 while they expand to urge the membrane towards the wall of the 
vessel 104 where it makes e seal. The ribbons 100 of this embodiment ara preferably secured to a first elongate 
member 106 at both ends of the ribbons, by. for example, gluing them in place. The ribbons may be 0.001-0.004" 
x 0.005-0.020- x 0.25-1.0- strips of Nitinol. stainless steel or Elgiloy™ which expend when urged out of the second 
elongate member 108. A guidewire tip 110 may be used for guiding the device through the vessel and is preferably 
secured to the distal end of the first elongate member 106. 

FIG. 14 illustrates en embodiment similar to the one in FIG. 13, in which ribs 120 such as wires form a 
series of semicircular arcs when they expand. The ribs 120 are surrounded by a membrane 122 that expands with 
the ribs to form a seal with the vessel 124. The number of rfes 120 is preferably at leest three. The ribs 120 are 
preferebly attached directly to a first elongate member 124 that is surrounded by a second elongate member 126. 
The ribs 120 themselves are preferably made of a shape memory material such as Nitinol or stainless steel. A 
guidewire tip 128 aids in guiding the device through the vessel 130. 

As in the other self-expanding embodiments, the self-expanding mechanism 100 (120) is in an unexpended 
state when enclosed by the second elongate member 108 (1261. and expands when pushed or pulled beyond the 
second elongate member 108 (126). 
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Nofrsah-exoandirmemhiinWt 

1 Heat activated emhodjments 

FIGS. 12A and 128 ihm,at. how electrical means can be used to generate heat to expand an expansion 
member. A first elongate member 82' (and a coil BO* which adjoins it. coil 80' and member 82' being similar to thai, 
unprimad counterparts) is preferably made of beet activated NitinoL en iron bese shape memory alloy, or another 
material that expands whan exposed to heat. As shown in FIG. 12A, low profile, low resistivity electrical lines 81 
end 83 preferably pass either through or along the second elongate member 86 and are attached (e.g.. soldered) to 
the first elongate member 82' on either side of the coil 80'. When current is applied through the electrical lines 81 
and 83 (the power supply is not shown but is preferably outside the patient), the coil 80' heets up through resistive 
heating, and the coil expands to urge the membrane 84 to contact the vessel wall 80. Alternatively, as shown in 
FIG. 128. the first elongate member 82' may have a coating 85 of gold or silver. In this embodbnent. the coated 
elongate member 82' is used to pass current (with most of the current preferably being carried by the coating 85. 
so that most of the energy is deposited in the coil 801. with the circuit being completed with a low resistivity wire 
87 that is preferably connected (e.g, soldered) to either the second elongate member 86 or the sheath 94. This 
principle of resistive heating to expand a expansion member can be applied to the other embodiments disclosed herein 
as well. 

FIGS. 13A, 13B. end 13C illustrate how heat transfer using a liquid can deploy an expansion member. The 
ribbons IOC are preferably made of heat activated NitinoL an iron base shape memory alloy, « another material that 
expands when exposed to heat In the embodiment of FIG. 13A, a warm saline solution 107 is passed between the 
first and second elongate members 106 and 108 and then over the membrane 102. so that heat is transferred to 
the ribbons 100'. As the ribbons 100' heat up. they expand, thereby urging the membrane 102 against the vessel 
well 104. As illustrated in FIG. 13B. the warm saline solution 107 may also be pessed through the first elongate 
member 106 end then through holes 109 in member 106 so that the salina solution 1 07 more directly transfers heat 
to the ribbons 100'. In this embodiment, one or more holes 1 1 1 in the membrane 102 (distal to where the seal with 
the vessel well 104 is made) may be used to allow the salina solution 107 to flow away beyond the ribbons 100* 
after heal transfer to the ribbons occurs. As llustrated in FIG. 13C, the saline solution 107 may else be passed 
through one or more closed loop coils or lumens 1 13 within the first elongate member 106. In this way, the ribbons 
100' and the patient's blood are not exposed directly to any solution. Using heat transfer can also be applied to 
the other embodiments disclosed herein, provided the expansion member is suitably constructed. 

2s Mechanically depl oyed emhodi^ nt. 

Other non-self-expanding seefing mechanisms that can be used for occluding a vessel are described below. 
In the embodiment of FIGS. 15-17. a first elongate member 140, preferably a pull wre. is (when the device is 
completely assembled) attached to a brace member 144 that is in turn attached to a first ring member 148. 
Adjoining the first ring member 148 and a second ring member 152 are a plurality of ribbons 156 that extend 
between the two ring members. Surrounding the ribbons 156 is a membrane 160 that forms a seal with the 
patient's vessel 182 when the ribbons are expanded. The membrane 160 is joined to at least one end preferably 
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both of the ring member, 148 and 152. The membrane 160 ceo be joined to only one .1 the ring member, 148 
and 152. for example, when the rwmbren. 160 extend, for enough in the longitudinal direction to permit the 
membrane to make a good seal with the vessel 162 when the ribbons 1S6 are deployed. 

To assemble the device, the first and second ring member, 148 and 152. the ribbon, 156. end the 
membrene 160 are pieced as a unit around a second elongate mentor 166. which ha, . pair of oppositely feeing 
holes 170 and 172. The brace member 144 is inserted through the hole, 170 end 172 and secured to both the 
pull wire 140 end the first ring member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This auemblad configuration, with the ribbon, 156 in their longitudinal orientation, is 
iustrated in FIG. 16. As illustrated in FIG. 17. when the pull wire 140 is retracted, the ribbons 156 (shown in 
phantom) and the membrane 160 that wrrounds them are urged towards the vessel 162. where the membrene makes 
a teal with the vessel. The ribbons 160 ere preferably resilient enough ,o thet they return to their longitudinal 
orfentation when the pull wire 140 is reteased. The elasticity and resiience of th, pull wre 140 ebo help, the 
ribbon, 156 return to their undeployed configuration. A guidewir. tip 171 may be used to assist in guiding the 
device to the desired location in the vessel 162. 

A preferred wey of retracting the pull wire 140 is shown in FIGS. 18A and 16B. FIG. 18A shows the pull 
wire 140. which is attached to the brace member 144. A rotatabla handle 180 is attached to e locking member 
184 which in turn is fastened to the pud wire 140. When the locking member 184 clears the second elongate 
member 166 within which it resides (which is preferebfy outside the patient), th. (ockhg member end rotatabla 
handle 180 may be oriented ., illustrated in FIG. 18B to keep the puD wire 140 taught thereby preventing the 
sealing mechanism from returning to it, undeployed position. The poll wire 140 may be made of stainless or nitnol 
end may have a diameter of 0.006-0.008 inches, for e catheter having an O.D. of 0.014". for example. 

An alternative to the deployment apparatus illustrated in FIGS. 18A and 18B is shown in FIG. 19. in which 
a handle member 190 is grasped by the clinician to retract the pud wire 140. thereby deploying the sealing 
mechanism. Once extended, the sealing mechanism preferably has the tendency to return to hs undeployed position, 
which oi the process puH, the puB wire 140 back into the second elongate member 186. This can be prevented by 
inserting a spacer member 194 between the handle member 190 end the second elongate member 166. After the 
medical procedure i, complete, end occlusion of the vessel is no longer required, the spacer member 194 cen be 
removed and the pull wire 140 end the seeing mechanism returned to their respective undeployed positions. The 
device cen then be removed from the patient. 

Although the principle of using a non-self-expanding mechanism ha, been illustrated in FIGS. 1517 with 
respect to deformable ribbons, other non-self-expanding mechanisms, as flkistrated in FIGS. 20A-20D. cen be employed 
m conjunction with the brace member 144 end the first and second ring members 148 and 152. For example, 
instead of using ribbons 1 56. a non-self-expanding braided structure 200 can be used, in which the braided structure 
200 adjoin, first end second ring members 148 and 152 end is covered with a membrane 160 to form the unit 204 
*hown in FIG. 20A. The unit 204 eon be used in conjunction with an elongate member 166. a brace member 144. 
e guidevrire tip 171. a first elongate member 140 such as a pull wire, a rotatabla handle 180. and a locking member 
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184 to form . device analogous to th. ribbon-based fate of FIG. 15. Alternatively, other mechanisms can be used 
for securing the pull wire 140. such as a handle member 190 and a spacer member 194. 

Other non-self-expanding mechanisms such as a ftter-iike mesh 208. a slotted tube 212. and coils 216 can 
be used to form units 220. 230. and 240 analogous to the braided structure unit 204 es shown in FIGS. 20B 20C 
end 20D. Units 220. 230, and 240 can ikewise be used to construct devices enalogous to the ribbon-based device 
illustrated in FIGS. 15-19. Further, if unit 204 is used without a membrane, it may assist in blood perfusion if the 
braided structure 2O0 is suitably constructed. Alternatively, perforated membranes like manor,™* 36' of FIG. 68 
may be used to permit bleed perfusion, Although the ribbons 156. the braided structure 200. the filter-ike mesh 
208. the slotted tube 212, and the coils 216 must be actively deployed (e.g. with a pull wire 140). they are 
nBverthdess sanaar to their self-expanding counterparts. 

It should be understood that the scope of the present invention is not be limited by the illustrations or the 
foregoing description thereof, but rather by the eppended claims, and certain variations and modifications of this 
invention will suggest themselves to one of ordinary sktB in the art. 
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WHAT IS CLAIM g p [ g- 

1 . A device for occluding a vascular segment, comprising: 
an expansion member; and 

first and second elongate members, wherein ^ first don „ alB ^ enoagej m ^ ^ 

seal second elonget. nwnber engage, „id first elongate member, said expansion member expanding to at least 
penally occlude the vascular segment when on. of said alongat. member, b moved longitudinal,. 

2. The device of Claim 1. further comprising a material that adjoin, said expansion member for 
creating a seal with the vascular segment. 

3. The device of Claim 2. wherein said material doe, not completely encapsulate said expansion 

member. 

4. The device of Claim I, wherein said expansion member is a filter-Ske mesh attached to an 
indentation within said first elongate member. 

5. The device, of Claim 1. wherein said expansion member is in en unexpended state when H is 
surrounded by said second elongate member. 

6. The device of Claim 5. where* said expansion member expends when said first elongate member 
is pushed through said second elongate member. 

7. The device of Clean 5. wherein said expansion member is serf-expanding. 

8. Tha device of Claim 7. wherein said self-expanding member comprises e member selected from the 
group consisting of e braid, a cel. a ribbon-like structure, e dotted tube, a plurality of rib, and a fiter-like me,h. 

9. The device of Claim 1. wherein said second elongate member is also secured to said expansion 



10. The device of Claim 9. wherein said expansbn member expands a, said first elongate member is 
retracted. 

11. The device of Claim 9. wherein said expansion member comprises a member selected from the 
group consisting of a braid, a pbrality of coils, a ribbon^ke structure, a slotted tube, end a fiher-iike mesh. 

12. The device of Clarn 9, wherein seid expension member expands as the relative position of said 
first end second elongate members changes. 

1 3. A method of occluding a segment within a vessel, comprising: 

inserting first and second elongate members into the vessel, wherein the first elongate member adjofcs an 
expansion member; and 

varying the position of et leest one of the elongate members so that the expansion member expand, unti 
the vessd is occluded. 

14. The method of Ciabn 13. in which said varying step comprises retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate members causes the 
expansion member to expand. 
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16. The method of Claim 14, in which the expansion member adjoins both elongate members, and the 
relative position of the elongate members is varied to expand the expansion member until the vessel is occluded. 

17. The method of Claim 13, in which said varying step comprises pushing one of the elongate 
members through the other elongate member. 

18. The method of Claim 13, further comprising; 
performing a medical procedure near the ocduded site; and 

retrieves the elongate members and the expansion menter from the vessel. 

19. A method, comprising: 

inserting an expansion member within the vessel* and 

heating the expansion member to cause it to expand until the vessel is at least partially occluded. 

20. The method of Claim 19, in which the expansion member is comprised of a material selected from 
the group consisting of heal activated Nitinol and an iron base shape memory alloy. 

21. The method of Claim 19, in which said heating the expansion member comprises passing electrical 
current through it. 

22. The method of Claim 19, in which said heating the expansion member comprises flowing warm 
sokition near the expansion member to heat up the expansion member. 
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